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A radio apparatus and a method for reducing interference in a 
radio apparatus 

Field 

The invention relates to a radio apparatus and to reducing interfer- 
5 ence arising from a clock signal generated in the apparatus. 

Background 

Modern electronic radio devices use oscillators to generate clock 
signals needed in several different parts of the devices. For example, phase 
lock loops, modulators and demodulators and many digital base band compo- 

10 nents require clock signals. 

It is typical for oscillators that in addition to the actual clock signal 
they also produce different harmonic frequencies. This is a feature of all oscil- 
lators. Harmonics are multiplies of the actual clock signal frequency. Harmon- 
ics caused by clock signals may cause problems in sensitive radio frequency 

15 parts in radio devices, such as transceivers in cellular systems. For example, 
in transceivers of GSM cellular system, VCTCXO Oscillators are widely used 
(as 13MHz or 26MHz reference clocks, for example). Harmonics arising from 
the clock signal can be seen as reduced receiver sensitivity on some radio 
channels or as interference peaks in the receiver band noise spectrum. 

20 Prior art offers some solutions to this problem. The alternatives have 

been filtering, tuning of the groundings on a printed board (PWB) and maximiz- 
ing the isolation between the clock and sensitive parts. These solutions have 
so far provided only partial solution to the problem. It is not possible to isolate 
the harmonic signals completely from the radio frequency parts. Furthermore, 

25 this problem will get worse when development of device design moves towards 
so called system on chip (SoC) solutions where more and more blocks are 
placed very close to each other and isolation between noisy and sensitive 
blocks is reduced. 

Brief description of the invention 

30 An object of the invention is to provide an improved solution to re- 

ducing interference in a radio apparatus. According to an aspect of the inven- 
tion, there is provided a radio apparatus comprising means for communicating 
on at least one radio frequency channel, means for generating a clock signal, 
means for measuring interference arising from the harmonic frequencies of the 
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clock signal on the given radio channel, and means for controlling the pulse 
width of the clock signal on the basis of the measurement. 

According to another aspect of the invention, there is provided a ra- 
dio apparatus arranged to communicate on at least one radio frequency chan- 
5 nel, comprising a clock signal generator, a radio frequency part and a control- 
ler arranged to measure interference arising from the harmonic frequencies of 
the clock signal on the given radio channel, and a controller for controlling the 
pulse width of the clock signal on the basis of the measurement. 

According to another aspect of the invention, there is provided an 

10 arrangement for reducing interference in a radio apparatus comprising means 
for communicating on at least one radio frequency channel, and means for 
generating a clock signal, the arrangement comprising: means for measuring 
interference arising from the harmonic frequencies of the clock signal on the 
given radio channel, and means for controlling the pulse width of the clock sig- 

15 nal on the basis of the measurement. 

According to another aspect of the invention, there is provided a 
method of reducing interference in a radio apparatus, the method comprising 
generating a clock signal; measuring interference arising from the harmonic 
frequencies of the clock signal on a given radio channel, controlling the pulse 

20 width of the clock signal on the basis of the measurement. 

The method and system of the invention provide several advan- 
tages. By adjusting the pulse width of the clock signal the level of the harmonic 
signals can also be adjusted. Interference peaks in given radio channels can 
thus be reduced. Requirements for isolation and filtering can also be reduced. 

25 Therefore it is also easier to integrate more functionality onto a single chip 
(SoC). Radio frequency performance is improved in general. 

List of drawings 

In the following, the invention will be described in greater detail with 
reference to the preferred embodiments and the accompanying drawings, in 
30 which 

Figure 1 illustrates square waves with different pulse widths; 
Figures 2A and 2B illustrate the levels of some harmonics; 
Figure 3 illustrates an example of a radio apparatus; 
Figure 4 illustrates an example of a pulse width control; 
35 Figure 5 illustrates a flowchart of an embodiment. 
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Description of embodiments 

Figure 1 illustrates square waves with different pulse widths. Clock 
signals are typically generated as square waves. A square wave 1 00 has two 
cycles: a duty cycle 102 when the pulse signal is up and a rest cycle 104 when 

5 the pulse signal is down. In the square wave 100 both cycles are of the same 
length. It can thus be said that the square wave 100 has a duty cycle of 0.5. In 
a square wave 106 the duty cycle 102 is shorter compared with the rest cycle 
104. The duty cycle of the square wave 104 is in this case smaller than 0.5. 
Respectively, as in the square wave 106 the duty cycle 102 is longer com- 

10 pared with the rest cycle 104, the duty cycle of the square wave 104 is greater 
than 0.5. 

The harmonics of a square wave signal are dependent on the pulse 
width or the duty cycle of the signal. For example, a 0.5-duty-cycle signal has 
only odd harmonic frequencies. In figures 2A and 2B the levels of some 
15 harmonics are presented based on Fourier transform of an asymmetric pulse 

train. Fourier coefficients for asymmetric pulse train can be calculated as 

At 

\ X n\= — |sinc(w/ 0 r)|,w = 0,±l,±2,... f 
T 0 

where x = pulse width, T 0 = signal period. A denotes signal amplitude and f 0 
denotes frequency. Figure 2A presents odd harmonics as a function of the 
20 pulse width. The x-axis shows the duty cycle from 0.0 to 1.0 and the y-axis 
shows the Fourier coefficients for odd harmonic frequencies. The figure illus- 
trates 3 rd harmonics 200, 5 th harmonics 202, 7 th harmonics 204 and 9 th har- 
monics 206. 

Respectively, Figure 2B presents even harmonics as a function of 
25 the pulse width. The figure illustrates 4 th harmonics 208, 6 th harmonics 210, 8 th 
harmonics 212, 10 th harmonics 214 and 20 th harmonics 216. 

It can be seen that the level of harmonics is changed in respect to 
the pulse width. The frequency of the notches increases with higher order 
harmonics. The duty cycle of 0.5 gives minimum level for all even harmonics. 
30 Figure 3 illustrates an example of a radio apparatus applying an 

embodiment of the invention. The apparatus comprises an analog part 336 
and a digital part 338. The apparatus comprises an antenna 300, which re- 
ceives a signal, which is taken to a band pass filter 302 and a low noise ampli- 
fier 304. The signal at the output of the amplifier is divided into two branches 
35 306, 308. The receiver comprises a phase lock loop 310, which controls a volt- 
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age-controlled oscillator 312. The output of the oscillator is forwarded to a 
mixer 314 of the branch 306 via a phase shifter 318 and directly to a mixer 316 
of the branch 308. In the mixers 314, 316 the signal from the output of the am- 
plifier 304 is multiplied by the oscillator signal, thus performing a down- 
5 conversion to an intermediate or a base band frequency. From the mixers the 
down-converted signal is taken to low pass filters 320, 322, and to amplifiers 
324, 326. The amplified signals are taken to a converter 328, where the signals 
from the branches are converted to the digital form in analogue-to-digital con- 
verters 330, 332. 

10 From the converter 328 the digital signals are forwarded to a digital 

controller 334. The controller further processes the received signals. The con- 
troller also controls the operation of the receiver. The apparatus is able to com- 
municate on different radio channels. The controller 328 may control the 
operation of the voltage-controlled oscillator via the phase locked loop in such 

15 a way that the desired radio channel frequency is down-converted in the mix- 
ers 314, 316. The controller may be realized using a digital signal processor, a 
general processor or discrete components, and suitable software. 

The apparatus described above may also comprise a transmitter 
part. However, these are not described for simplicity. The apparatus may thus 

20 be a receiver, a transmitter or a transceiver. 

The apparatus comprises at least one oscillator 340, which gener- 
ates a clock signal. The generated clock signal 342, which at the output of the 
oscillator 340 is typically a sinusoidal signal, is taken to a buffer 344, which 
converts the signal into a square wave format. The square wave clock signal 

25 346 is taken to the phase lock loop 310 and the controller 334 as an input sig- 
nal. 

In an embodiment of the invention the controller 338 of the appara- 
tus controls the pulse width of the clock signal. The digital control signal 348 of 
the converter is converted into an analog form in a D/A-converter 350 and the 

30 output of the converter 350 is connected to the buffer 344. 

Figure 4 illustrates an example of the buffer control, where the pulse 
width is implemented by changing an offset in the buffer input. The output sig- 
nal 342 from the oscillator 340 is taken to the buffer 344 as an input. The D/A- 
converter 350 receives a control signal 348 from the controller. The signal level 

35 indicated by the signal corresponds to an offset voltage of the buffer. The D/A 
converter outputs an analogue offset signal in a differential form 400, 402 to 
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the buffer 342. The differential form comprises the required offset voltage O 0 in 
a positive and negative form (+0 0 and -0 0 ). The buffer converts the sinusoidal 
oscillator signal 342 into a square wave 346. 

The offset voltage control may also be implemented in a single 

5 ended form, where the D/A-converter 350 outputs only one voltage value +0 0 , 
which is taken against common ground voltage. 

Figure 5 illustrates a flowchart of an embodiment of the invention 
applied in a receiver apparatus. First, in step 500, the receiver tunes to a radio 
channel and starts reception on the channel. Tuning means, in this case, 

10 changing the output frequency of the voltage-controlled oscillator 312 to the 
given frequency. Next, the receiver measures the interference arising from the 
harmonics on the given channel. In an embodiment of the invention no actual 
signal is transmitted on the radio channel at the time of the measurement. The 
received signal thus basically comprises noise. The received signal is proc- 

15 essed normally in the receiver, that is, filtered, amplified, divided into two 
branches, and processed in the branches as described above. 

The digitized signal form the output of the converter 328 is taken 
into the base band controller 334, which is arranged to detect interference 
peaks in the signal in step 502. On the basis of the found interference peaks 

20 the controller generates 504 a control signal 348 for the pulse width control. 
The signal is then converted to an analog signal in the converter 350 and 
passed to the clock signal buffer 344 where the pulse width of the signal is ad- 
justed 506 on the basis of the signal. 

This measurement and control process may be repeated iteratively 

25 until the interference peaks have been sufficiently eliminated. In an embodi- 
ment of the invention the controller may have reference thresholds, below 
which the interference peaks should be adjusted. 

In an embodiment the above-described measurement and control 
process is performed each time before the radio apparatus begins communica- 

30 tion on a given radio channel. For example, the control process may be per- 
formed before the radio apparatus begins a phone call on the given frequency. 

In an embodiment, where the communication uses a frame struc- 
ture, such as the frame structure of the GSM cellular system (Global System 
for Mobile communication), the above-described measurement and control 

35 process is performed before each frame. Thus the interference arising from the 
harmonics may be efficiently kept below the desired limits. Performing the con- 
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trol on a frame-by-frame basis has the advantage that the frequency hopping 
used in GSM systems does not disturb the control process. 

Even though the invention is described above with reference to an 
example according to the accompanying drawings, it is clear that the invention 
is not restricted thereto but it can be modified in several ways within the scope 
of the appended claims. 
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Claims 

1 . A radio apparatus comprising 

means for communicating on at least one radio frequency channel, 
means for generating a clock signal, 

means for measuring interference arising from the harmonic fre- 
quencies of the clock signal on the given radio channel, and 

means for controlling the pulse width of the clock signal on the basis 
of the measurement. 

2. The radio apparatus of claim 1, comprising means for measuring 
the signal strength on the given radio channel and means for determining 
peaks in the signal strength. 

3. A radio apparatus arranged to communicate on at least one radio 
frequency channel, comprising 

a clock signal generator, 

an analog part and a controller arranged to measure interference 
arising from the harmonic frequencies of the clock signal on the given radio 
channel, and 

a controller for controlling the pulse width of the clock signal on the 
basis of the measurement. 

4. The radio apparatus of claim 3, wherein an output of the control- 
ler is connected to the input of a digital-to-analog converter, which output con- 
trols the pulse width of the clock signal. 

5. The radio apparatus of claim 1 or 3, wherein the apparatus is ar- 
ranged to control the pulse width of the clock signal whenever the apparatus 
begins communication on a given radio channel. 

6. The radio apparatus of claim 1 or 3, wherein the apparatus is ar- 
ranged to communicate on a radio channel, using a predetermined frame 
structure and wherein the apparatus is arranged to control the pulse width of 
the clock signal on a frame-by-frame basis. 

7. The radio apparatus of claim 1 or 3, wherein the apparatus is a 
radio transceiver of a cellular radio system. 

8. An arrangement for reducing interference in a radio apparatus 
comprising means for communicating on at least one radio frequency channel, 
and means for generating a clock signal, the arrangement comprising: 

means for measuring interference arising from the harmonic fre- 
quencies of the clock signal on the given radio channel, and 
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means for controlling the pulse width of the clock signal on the basis 
of the measurement. 

9. A method of reducing interference in a radio apparatus, the 
method comprising 

generating a clock signal; 

measuring interference arising from the harmonic frequencies of the 
clock signal on a given radio channel, 

controlling the pulse width of the clock signal on the basis of the 
measurement. 

10. The method of claim 9, further comprising: 
measuring the signal strength on the given radio channel; 
determining peaks in the signal strength. 

11. The method of claim 10, further comprising: 

determining the peaks arising from the harmonic frequencies of the 
clock signal on a given radio channel, 

controlling the pulse width of the clock signal to minimize said 

peaks. 

12. The method of claim 9, comprising the step of performing the 
pulse width control on a given radio channel prior to starting communication on 
that channel. 

13. The method of claim 9, wherein the radio apparatus communi- 
cates on a radio channel, using a given frame structure. 

14. The method of claim 13, comprising the step of performing the 
pulse width control on a given radio channel prior to each frame used in the 
communication. 



LV 

(57) Abstract 

The invention relates to a method and an arrangement for 
reducing interference in a radio apparatus. The solution 
comprises a clock signal generator, an analog part and a 
controller arranged to measure interference arising from 
the harmonic frequencies of the clock signal on the given 
radio channel, and a controller for controlling the pulse 
width of the clock signal on the basis of the measurement 
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